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(54) Pharmaceutical composition containing a local anesthetic and/or centrally acting analgesic 

(57) The present invention relates to a pharmaceu- 
tical composition in the form of an oil-in-water emulsion 
(o/w) consisting essentially of 



(a) 5 to 30% (w/v) of an oily carrier consisting of 
long-chain triglycerides (LCT) ancVor medium- 
chain triglycerides (MCT), 

(b) 0.5 to 2% (w/v) of an emulsifier, 

(c) 0.1 to 2% (w/v) of a local anesthetic and/or cen- 
trally acting analgesic. 

(d) conventional additives. 
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Description 

The present invention relates to novel pharmaceuti- 
cal compositions for the regional anesthesia. 

Local anesthetics ar compounds which reversibly s 
block impulse conduction along nerve axons. This 
action is used clinically to provide temporary analgesia 
in specific areas of the body after injection in the vicinity 
of peripheral nerve endings, major nerve trunks, or 
spaces surrounding the spinal cord. 10 

A recognized object to the use of local anesthetics 
is their limited duration of action when administered as 
a single injection. Continuous or repeated administra- 
tion requires catheterization which is technically compli- 
cated, time consuming, expensive, and may cause is 
several complications. Furthermore, when local anes- 
thetics are administered in successive injections, each 
dose is less effective than its predecessor. Prolongation 
of the anesthesia increasing the dose of the anesthetic 
is not recommended because this may cause very serr- 20 
ous or even irremediable toxic effects as a result of the 
raised plasma concentrations. The systemic toxic 
effects mainly involves the central nervous system (diz- 
ziness, tinnitus, tremors, and convulsions) and the car- 
diovascular system (hypertension, brachycardia. 2S 
arrtiythmias, and cardiac arrest). 

Several attempts have been made to implement 
slow-delivery drug systems for local anesthetics. 

Polymer matrixes implants are described in patents 
WO-A-93/20138. WO- A-92/1 3567 and US-A-5 179 189. 30 
Although very prolonged regional nerve blockade can 
be achieved with these implants (Masters D.B. et al.. 
Anesthesiology 1993. 79, 340-346) their application is 
linnited to the treatment of chronic pain. 

Injectable formulations of local anesthetics contain- 35 
ing organic solvents (WO-A-94/01087), polylactic add 
microspheres (Wakiyama N. et al., Chem-Pharm.BulL 
1981 . 29(1 1), 3363-3368) and solid lipospheres (WO-A- 
91A)7171) have been proposed, but the clinical useful- 
ness of the aforementioned systems has hitherto not 40 
been proved. 

A formulation prepared by dissolving hydrophobic 
drugs (local anesthetics and opiates) in iophendylate (a 
contrast medium used for X-ray examination) has been 
proposed as injectable slow-release system for spinal 45 
anesthesia {IL-A-91597). Iophendylate preparations of 
local anesthetics produce prolonged but less intense 
nerve blockade than the aqueous solutions (Langer- 
mann L et al.. Anesthesiology 1992, 77. 475-481). Fur- 
thernrore, severe toxic reactions (arachnoiditis and so 
aseptic meningitis) have been reported after intrathecal 
irijection of iophendylate. 

Liposomes have been widely used as drug carriers. 
In EP-A-0233 100 encapsulation of local anesthetics 
into liposomes is proposed. "In vivo" experiments with ss 
liposome-encapsulated lidocaine or bupivacaine denn- 
onstrated slow-release pharmacokinetic profiles and 
prolongation of nerve blocking effect without skle effects 
(Legros R et al.. Anesthesiology 1990. 73, A851 ; Mash- 



imo T et al.. Anesth. Analg. 1992, 74. 827-834). How- 
ev r, large-seal manufacture of liposom products 
presents a variety of challenges: solvent incompatS^ility 
with process equipm nt, particle size distribution, mate- 
rial stability during processing, drug entrapment con- 
sistency, sterile product production, and free drug, 
solvent, and detergent renroval (Weiner A.L Pharm. 
Technol. Int, June 1990. 46-50). Another major poten- 
tial obstacle to the use of liposomes as pharmaceuticals 
is their instability during extended storage (Ostro M.J. et 
aL. Amer. J. Hosp. Pharm. 1989. 46. 1576-1587). More- 
over, local anesthetics increase the fragility of lipo- 
somes (Surewicz W.K. et. al.. Biochem-Pharmacol. 
1982. 31,2999-3000). 

Oil-in-water (o/w) emulsions have been widely 
investigated as a vehicle for parenteral administi-ation of 
water-insoluble drugs (see, for example patents US-A- 
4,073. 943 and US-A-4, 168,308). Some of the advan- 
tages of emulsions systems over other particulate cani- 
ers. such as liposomes and microparticles are: they 
may be biodegradable; technologies exist for their large- 
scale production; they have satisfactory shelf life; and 
they are already clinically acceptable. Parenteral prod- 
ucts containing emulsified vegetable oils have been in 
clinical use for nearly 30 years and emulsions contain- 
ing water-insoluble drugs are already eitiier in clinical 
trials or are being n^rketed. These reasorts have lead 
to the examination of the possibility of prolonging local 
anesthesia by using o/w emulsions as drug carrier, 

EP-A-0 391 369 discloses an oil-in-water emulsion 
containing a hydrophobic drug comprising 

(i) an oily carrier of MCT or a mixture of MCT/vege- 
table oil (LOT); 

(ii) phospholipids as emulsifier; 

(iii) a non-ionic surfactant; and 

fiv) an ionic surfactant selected from a bile-duct sur- 
face active agent cholic acid and deoxycholic add. 
and their surface active derivatives and salts. 

The combination of the non-ionic surfactant and the 
ionic surfactant as essential ingredients is employed to 
better sotubilize the hydrophobic drug in the oily carrier. 
In the very sensible area of anesthetics, for instance 
peridural anesthesy, it is not desirable to use non-ionic 
surfactants as they may cause unpredictable severe 
physiological side-effects. 

US-A-4. 168,308 describes the incorporation of a 
great number of pharmacologically active agents, 
including local anesthetics, into vegetatrfe oils emulsi- 
fied with poloxamer and acetytated monoglycerldes. 

The publication of Acta Pharmacol. Toxicol. 36. 
299-311 (1975) shows that the duration of the anes- 
thetic effect of the afore-mentioned o/w emulsions is not 
significantiy inaeased compared the aqueous solu- 
tions, and in som instanc the inclusion of the anes- 
thetic in the emulsion completely abolishes the 
pharmacologic effect. Thus, the prior art has not given 
positive results in the preparation of an useful, stabi . 
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effective, safe, and non-toxic injectaW formulation of 
local anesthetics analgesics witfi longer-lasting activity 
and lower potential toxicity. 

It would therefore be desirabi to have availabi 
controlled-release formulations of local anesthetics 
which allow to overcome the main drawt^acks to use 
local anesthetics: short duration and systemic toxicity. 

It was therefore an object of the present invention to 
provide a long-term stable emulsion formulation having 
prolonged local anesthetic/analgesic activity and lower 
systemic toxicity. 

The present invention proposes pharmaceutical 
compositions containing local anesthetics and/or cen- 
trally acting analgesics, which are sut>stantially encap- 
sulated in the oil droplets of an o/w emulsion. 

In detail the present invention relates to a pharma- 
ceutical composition in the form of an oil-in-water emul- 
sion (oM) consisting essentially of 

(a) 5 to 30% (w/v) of an oily carrier consisting of 
long-chain triglycerides (LCT) and/or medium- 
chain triglycerides (MCT), 

(b) 0.5 to 2% (w/v) of an emulsifier, 

(c) 0.1 to 2% (wA^) of a local anesthetic and/or cen- 
trally acting analgesic. 

(d) conventional additives. 

Throughout the present specification the indication 
of % (percent) is intended to mean w/v, i.e. weight of 
ingredient per volume of the entire aqueous emulsions. 

The long-chain triglycerides (LCT) are triglycerides 
of saturated artd/or unsaturated fatty acids containing 
16 to 22, preferat>ly 16 to 18 cartx)n atoms. Specific 
examples are soybean oil, olive oil, cottonseed oil arxi 
sesame oil which contain as a nnajor part said LCTs. 

The medium-chain triglycerides (MCT) are triglyc- 
erides of saturated and/or unsaturated fatty adds hav- 
ing 8 to 12 cartx>n atoms. Specific exanples are Miglyol 
(Huls AG, Germany) and TCM (Societ6 des Oleagin- 
aux, France). 

Suitat)le enujlsifiers which are used according to 
the present invention are selected from phospholipids 
such as egg yolk phospholipids (egg yolk lecithin), soy- 
bean oil phospholipids (soybean lecithin) or mixtures 
thereof, which are availat>le from commercial sources. 

In the fir^l emulsion, the total proportion of oily car- 
rier (consisting of MCT and/or LCT) is suitat)ly 5 to 30% 
(w/v). preferably 10 to 20% (w/v). If mixtures of LCT arxJ 
MCT are used a suitat)le LCT/MCT weight ratio is 10:1 
to 1 :10, preferably 5:1 to 1 :5. most preferred 1:1. 

The emulsifier is preferably used in an amount of 1 
to 2% (w^). 

The level of the drug is preferably 0.125% (w/v) to 
1.0% (w/v). 

The local anesthetic is selected from benzoic add 
derivatives, anilide derivatives and cocaine derivatives. 
Prefen-ed anesth tics are selected from t tracaine, ben- 
zocaine, procaine, butylaminobenzoate, bupivacaine, 
ropivacaine. mepivacatne. lidocaine, prilocain arxJ 



cocaine. 

The centrally acting analgesic is s lected from mor- 
phine or morphine derivatives, phenylheptylamine 
derivatives or phenyl piperidine derivativ s. Preferred 
5 centrally acting analgesics are selected from morphine 
hydromorphone. oxymorphone, methadone, meperid- 
ine, atfentanil, fentanyl and sufentanil 

In many cases combination of a local anesthetic 
and a centrally acting analgesic are used for practical 
10 purposes. 

In the emulsion according to the present invention 
at least 98%, preferably at least 99% of tiie drug is 
encapsulated into the oil droplets. 

The emulsion may also contain conventional emul- 
15 sion additives in conventional amounts, such as emulsi- 
fying aids, tonicity agents and antioxidants. 

As additional emulsifying aid, the emulsion may 
also contain sodium salts of long-chain fatty adds. 
These coemulsifiers may be salts of palmitic add. 
20 stearic acid, oleic acid, linoleic add or linolenic add. 
Said salts are used in an amount of up to 5% (w/v) of tiie 
emulsion composition, preferably in an amount between 
0.005% (w/v) to 0.1% (w^). 

If necessary, tonicity can be adjusted with an agent 
25 that does not adversely affect emulsion stability (i.e. non 
electrolyte) glycerol, glucose, mannitol, sorbitol or xylitol 
are suitable choices, glycerol being preferred. 

The compositions may also contain an antioxidant 
such as a-tocopherol or its ester. 
30 In general the pharmaceutical compositions of the 
present invention contain no non-ionic surfactants alone 
or a combination thereof with otiier types of surfactants. 

The active prindple, in the form of the liposoluble 
base, is dissolved in the oil mixture, and the emulsion is 
35 prepared according to known methods. 

The aqueous solution and the oily solution compris- 
ing the drugs as liposoluble t>ase are then mixed with 
one another. However, the so-obtained mixture does not 
yet consist of sufficientiy small droplets, the size of 
40 which (obtained after mixing with a magnetic stirrer) is 
about 10 nm. The droplet size of the inventive composi- 
tion may then be decreased by the use of emulsif ication 
equipment such as UKra Turrax (JankI and Kunkel. 
Staufen, FRG). which yieWs droplets having an average 
45 diameter of atx)ut 1 to 1 .5 jim. or of a high shear mixer, 
e,g, Polytron (Kinematica. Lucerne. Switzerland) which 
yields droplets having an average diameter of akx)ut 0.6 
to 0.8 Jim. 

Espedally small droplets are obtained in the irrven- 
so tive corrpositions when utilizing a two-stage pressure 
homogenizer in which the crude dispersion is forced 
under high pressure through the annular space 
between a spring loaded valve and the valve seat, the 
second stage being in tandem with the first so that the 
55 emulsion is subjected to two very rapid dispersion proc- 
esses. An example of such an apparatus is the Gaulin 
Homogenizer (APV Gaulin, Hilversum, The Nether- 
lands). Use of such an apparatus in accordance with tiie 
invention yieWs emulsions of th present invention in 
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which th droplets have an averag diameter of less 
than 0.35 ^m. preferably between 0.2 \jm and 0.35 \jjr\ 
with a relative small deviation. 

Th r sultant emulsion is heat-sterilized according 
to procedures generally known in the art. 

The experiments carried out have demonstrated 
that the anesthetics/analgesics incorporated in o/w 
emulsions prepared according to the invention have 
longer-lasting action and lower plasma levels than the 
conventional aqueous solution at the equal dose. Thus, 
an increase in the anesthetic action and a decrease in 
the side effects can be achieved. Furthermore, it has 
been found that the pharmaceutical emulsions accord- 
ing to the present invention have a superior long-term 
stability. Moreover, the emulsions of the present inven- 
tion are stable to standard autoclave sterilization without 
changing its physical or chemical properties. 

The figures and examples below are given for guid- 
ance, and allow explain other characteristics and 
advantages of the present invention by way of a compo- 
sition comprising bupivacaine as an active ingredient 

Figure 1 shows the time course of sensory tAock- 
ade after the injection near the rat sciatic nerve of a 
bupivacaine composition in accordance with the inven- 
tion versus the conventional bupivacaine aqueous solu- 
tion at equivalent doses. 

Figure 2 is comparable to Rgure 1 and illustrated to 
motor blockade. 

Figure 3 shows the Wood pharmacokinetic proffle 
after the administration near the rat sciatic nerve of a 
bupivacaine composition in accordance with the inven- 
tion versus the conventional bupivacaine aqueous solu- 
tion at equivalent doses. 

Figure 4 shows the time course of sensory t)lock- 
ade after epidural injection in rats of a bupivacaine conv 
position in accordance with the invention versus the 
conventional bupivacaine aqueous solution at equiva- 
1^ doses. 

Figure 5 is comparable to Rgure 4 and illustrated 
the abolition of the contralateral extensor reflex 
response. 

Figure 6 shows the blood pharmacokinetic profile 
after the epidural injection to dogs of a bupivacaine 
composition in accordance with the irtvention versus the 
conventional txjpivacaine aqueous solution at equiva- 
lent doses. 

EXAMPLES 

EXAMPLE 1 Preparation of the emulsion 

An injectable submicron emulsion according to the 
invention, with a bupivacaine concentration equivalent 
to bupivacaine hydrochloride 0.5% (w/v). is prepared by 
known techniques. 

Corrposition: 
10 g soya bean oil 
lOgmiglyol 

1.2 g purified egg yolk lecithin 



2.5 g glycerol 
0.03 g sodium oleate 
0.4439 g bupivacain base 
water to 100 ml 

s Soya bean oil and miglyol are mixed, and bupi- 
vacaine is cfissolved in the oil mixture. Sodium oleate, 
glycerol, and lecithin are added to water. Aqueous and 
oily phases are thoroughly stirred. The crude dispersion 
is homogenized by using a two stage high pressure 

10 homogenizer. A filtration step is included to remove 
poorly enoulsrfied material and foreign particles. A 
standard autoclave sterilization cycle (121 °C, 20 min- 
utes) can be applied without changes in the physical 
and chemical properties of the emulsion. 

15 

EXAMPLE 2 Preparation of the emulsion 

An injectable subrracron emulsion according to the 
invention, with a bupivacaine concentration equivalent 

20 to bupivacaine hydrochloride 0.5% (w/v), is prepared by 
known techniques. 

Composition: 
10 g soya bean oil 
10 g miglyol 

25 1 .2 g purified egg yolk lecithin 
0.03 g sodium oleate 
0.4439 g bupivacaine base 
water to 100 ml 

Soya bean oil and miglyol are mixed, and bupi- 

30 vacaine is dissolved in the oil mixture. Sodium oleate, 
and lecithin are added to water. Aqueous and oily 
pf^ses are thoroughly stirred. The crude dispersion is 
homogenized by using a two state high pressure 
homogenizer. A filtration step is included to remove 

35 poorly emulsified material and foreign particles. A 
standard autoclave sterilization cycle (121 °C, 20 min- 
utes) can be applied without changes in the physical 
and chemical properties of the emulsion. 

40 EXAMPLE 3 Preparation of the emulsion 

An injectat)le submicron emulsion according to the 
invention, wrtii a bupivacaine concentration equivalent 
to bupivacaine hydrochloride 0.5% (w/v), is prepared by 

45 known techniques. 
Composition: 
20 g soya bean oil 
1 .2 g purified egg yolk lecithin 
2.5 g glycerol 

so 0.03 g sodium oleate 

0.4439 g txjpivacaine base 
water to 100 ml 

Bupivacaine is dissolved in the soya bean oil. 
Sodium oleate, glycerol and lecithin are added to water. 

55 Aqueous and oily phases ar thoroughly stirred. The 
aud dispersion is homogenized by using a two stage 
high pressure homogenizer. A filtration step is included 
to remove poorly mulsified material and foreign parti- 
cles. A standard autoclave sterilization cyde (121 "C, 20 
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minutes) can b applied without changes in the physical 
and chenrucal properties of the emulsion. 

EXAMPLE 4 Preparation of the emulsion 

An injectable submicron emulsion according to the 
invention, with a bupivacaine concentration equivalent 
to bupivacaine hydrochloride 0.5% (w/v), is prepared by 
known techniques- 
Composition: 
20 g miglyol 

1 .2 g purified egg yolk lecithin 
2.5 g glycerol 
0.03 g sodium oleate 
0.4439 g bupivacaine base 
water to 100 ml 

Bupivacaine is dissolved in miglyol. Sodium oleate. 
glycerol and lecithin are added to water. Aqueous and 
oily phases are thoroughly stirred. TTie crude dispersion 
is honrogenized by using a two stage high pressure 
homogenizer. A filtration step is included to remove 
poorly emulsified material and foreign particles. A 
standard autoclave sterilization cycle (121 **C, 20 min- 
utes) can be applied without changes in the physical 
and chemical properties of the emulsion. 

EXAMPLE 5 Percentaoe of drug encapsulated into the 
oil droplets 

The percentage of bupivacaine encapsulated into 
the oil droplets of an emulsion prepared as described in 
Example 1 was evaluated by ultrafiltration in a Uttrasart 
Cell (Sartorius GmbH) equipped witii a cellulose triace- 
tate ultra-filter (nominal cutoff: molecular wight 10 000). 
Bupivacaine concentration in the filtrate was deter- 
mined by high performance liquid chromatography. The 
quantity of bupivacaine encapsulated into the oil drop- 
lets was calculated by subtracting the anx)unt of free 
bupivacaine in the filtrate from the total amount of drug. 
The results obtained show tiiat 99.0-99.8% (w/v) of total 
bupivacaine is in the oil droplets. 

EXAMPLE 6 Lono-term stability 

Samples of an emulsion prepared as described in 
Exannple 1 were stored at 25 °C for one year. Every six 
months the following parameters were analyzed: 

Long-chain triglycerides content 

Medium-chain triglycerides corrtent 

Glycerol content 

Bupivacaine content 

Droplet size 

Acidity index 

Peroxide index 

PH 

Perc ntage of bupivacaine encapsulation 
Macroscq^c appearance. 



After 18 months all paramet rs comply with the 
specifications stablished for intravenous emulsions. It is 
noteworthy that the percentage of bupivacaine encap- 
sulated into the oil droplets is maintained above 98% 
5 (w/v) of the total amount of the drug. 

EXAMPLE 7 Anesthetic/analgesic effect of a composi- 
tion according to the invention after injection near the rat 
sciatic nerve 

10 

Ten Sprague-Dawley rats per group were treated 
with 0.2 ml of an emulsion prepared as described in 
Example 1 or. by way of control, the same dose of bupi- 
vacaine in conventional aqueous solution. The injection 

15 site was the space surrounding the sciatic nerve in the 
popliteal region. Sensory and motor blockades were 
assessed by recording sensory nerve action potentials 
(NAP) and corrpound evoked motor action potentials 
(CMAP). respectively NAPs and CMAPs were elicited 

20 simultaneously with supramaximal electrical stimulation 
of the sciatic nerve proximal to the site of injection. 

The time-course of mean changes in NAPs and 
CMAPs are illustrated in Figures 1 and 2. Results are 
expressed as % (w/v) of pre-injection baseline values. 

25 Bi4)ivacaine incorporated into an emulsion in 
accordance with the invention significantiy (p < 0.05. 
Mann-Whitney test) increased the duration of total sen- 
sory blockade (238.1 ± 81.1 minutes) when conpared 
to aqueous solution (165,0 ± 47.4 minutes). Moreover 

30 the recovery period (time until baseline value was 
reached) was significantiy (p < 0.05) more lengthy when 
bupivacaine was administered into the emulsion 302.5 ± 
78.1) than when tiie aqueous solution was injected 
(212.2 ±42.1 minutes). 

35 In the same way, the emulsion significantiy (p < 
0.05) increased the duration of total motor blockade 
from 140.6 ± 38.8 to 200.0 ± 77.9 minutes and the 
recovery period from 218.3 ± 27.0 to 303.1 ± 89.6 min- 
utes, when compared to the aqueous solution. 

40 These results demonstrate that Ixjpivacaine incor- 
porated in an emulsion in accordance witti the invention 
produces, at equal dose, a longer-lasting anes- 
tfietic/analgesic action than tfie conventional aqueous 
solution. 

45 

EXAMPLE 8 Pharmacokinetics of bupivacaine con- 
t ained in a comp o sition acCQfding to thg inve n tion , qftgr 
injection near the rat sciatic nen/e 

50 Two groups of Sprague-Dawley rats were treated 
as described in Example 7. At different times after the 
injection four rats of each group were sacrified in order 
to obtain blood samples, and plasma bupivacaine levels 
were determined. The mean plasma bupivacaine con- 

55 centrations obtained are shown in Rgure 3. Following 
the injection of bupivacaine incorporated into the emul- 
sion ttie highest plasma concentration (0.37 ± 0.08 
jig/ml) is signKicantiy lower (p < 0,05. Mann- Whitney 
test) tfian following the injection of conventional bupi- 
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vacaine aqueous solution (1.30 ± 0.13 jig/ml). Moreo- 
V r. the maximum plasma levels ar attained at 60 and 
20 minutes for emulsion and aqueous solution, respec- 
tively. TTiese results indicate that bupivacaine incorpo- 
rated into an emulsion according to the invent! n is 
absorbed toward the bloodstream at lower rate than the 
conventional aqueous solution. 

As the systemic toxic side effects depend on the 
plasma bupivacaine levels, bupivacaine incorporated 
into an emulsion according to the invention possesses, 
at the same dose, greater safety than that of the con- 
ventional aqueous solution in the peripheral nerve 
anesthesia. 

EXAMPLE 9 Anesthetic/analgesic effect of a composi- 
tion according to the invention, administered eoidurallv 
to rats 

Ten Sprague-Dawfey rats per group were treated 
with 0.2 ml of an emulsion prepared as described in 
Exanple 1 or, by way of control, the same dose of bupi- 
vacaine in conventional aqueous solution. The injec- 
tions were performed introducing a needle through the 
skin, at the level of LS-LB lumbar space, until the epi- 
dural space was reached. TTiis space is located 
between the dura-mater (the outermost membrane sur- 
rounding the spinal cord) and the vertebral canal. In 
order to assess the anesthetic/analgesic effect two tests 
were carried out 

1. Nociceptive response: 

Electrical stimulus were applied to the hind paw 
plantar surface. Normal response consist of a general 
muscular contraction, especially evident in the lumtjar 
and abdominal musculature. The response to the stinv 
ulus was semiquantitatively evaluated in the scale: 2 = 
clear and bilateral contraction: 1 = weak and unilateral 
contraction: 0 = no response. 

The time-course of mean changes in the nodcep- 
tive response are illustrated in Rgure 4. Bupivacaine 
incorporated into the emulsion significantly (p < 0.05, 
Mann-Whitney test) increased the duration of maximum 
blockade from 56.0 ± 26.9 to 90.5 ± 18.9 minutes and 
the recovery period from 72.0 ± 30.2 to 116.5 ± 25.1 
minutes, when compared to conventional aqueous solu- 
tion. 

2. Extensor reflex response: 

Electrical stimulus were applied at the level of the 
hind paw tibial nerve. The response were electromi- 
ografically assessed recording the muscular action 
potentials in the quadriceps extensor muscle of the con- 
tralateral paw. 

The tim course of mean changes in action poten- 
tiate are illustrated in Rgure 5. Results are expressed as 
% (w/v) of pre-injection base line. Bupivacaine incorpo- 
rated into the emulsion significantly (p < 0.05) increased 



the duration of maximum blockade from 49.5 ± 18.6 to 
85.0 ± 17.8 minutes and the recovery period from 92.5 
± 25.3 to 128.0 ± 18.5 minutes, when compared to con- 
ventional aqueous solution, 
5 These results prove that bupivacaine incorporated 
into an emulsion according to the invention produces, at 
equal dose, longer-lasting anesthetic/analgesic action 
than the conventional aqueous solution in the epidural 
anesthesia- 

10 

EXAMPLE 10 Pharmacokinetics of bupivacaine con- 
tained in a composition according to the Invention, 
administered eoidurallv to docs 

15 Six Beagle dogs were used. Three dogs were epi- 
durally fa-eated witii bupivacaine (1.8 mg/kg) incorpo- 
rated into an emulsion prepared as described in 
Example 1 arui after ten days with the same dose of 
bupivacaine in conventional aqueous solution. Three 

20 dogs first received bupivacaine in the form of conven- 
tional aqueous solution and after ten days bupivacaine 
in emulsion. After each epidural injection blood samples 
were collected at different times, and plasma bupi- 
vacaine levels were determined. The time-course of 

25 mean bupivacaine plasma levels is illustrated in Figure 
6. The peak plasma concentration (Cmax) after the epi- 
dural administration of bupivacaine in emulsion (0.62 ± 
0,24 ng/ml) was significantiy lower (p < 0.05. Mann- 
Whitney test) than the peak plasma concentration after 

30 the epidural administration of tiie conventional aqueous 
solution (2.00 ± 0.74 ng/ml). The times (tmax) at which 
these peaks were reached were significantiy (p < 0.05) 
different to: 68.33 ± 33.71 and 6.00 ± 5.40 minutes for 
the emulsion and the aqueous solution respectively 

35 As in the peripheral nerve anesthesia (see Exam- 
ple 5), the results obtained in the epidural anesthesia 
demonstrate tfiat the passage of bupivacaine incorpo- 
rated into an emulsion according to the invention from 
the epidural space toward the bloodstream is a slower 

40 process than that of bupivacaine in the conventional 
aqueous solution. In this way plasma bupivacaine con- 
centration can be maintained far below the toxic levels. 
Therefore, in the epidural anesthesia, bupivacaine 
incorporated into an enrujlsion according to the invention 

45 is a safer pharmaceutical preparation than the conven- 
tional aqueous solution. 

EXAMPLE 1 1 Neurotoxicitv of a composition according 
to the invention after subarachnoid injection 

50 

Although during the anesthetic/analgesic activity 
studies no signs of toxicity were observed and complete 
recovery of sensory and motor functions was achieved, 
a study was performed to establish possible histopatho- 
55 togical differences, if any, among two groups of rats 
receiving respectively subarachnoid injections of bupi- 
vacaine in emulsion or conventional bupivacaine aqu - 
ous solution. The administration route chosen 
(subarachnoid injection) allow the direct contact of btpi- 
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vacaine preparations with the spinal cord n rv fSsers. 
No appreciable differences were observed arTx>ng th 
two grotps seven days after the injections. 

Claims s 

1 . A pharmaceutical composition in the form of an otl- 
in-water emulsion (o^) consisting essentially of 

(a) 5 to 30% {wh/) of an oily carrier consisting of w 
long-chain triglycerides (LCT) and/or medium- 
chain triglycerides (MCT), 

(b) 0.5 to 2% (wA/) of an emulsifier, 

(c) 0.1 to 2% (w/v) of a local anesthetic and/or 
centrally acting analgesic, is 

(d) conventional additives. 

2. The pharmaceutical composition of claim 1, 
wherein the LCTs are selected from triglycerides of 
saturated and/or unsaturated fatty adds containing 20 
16 to 22 cartxjn atoms. 

3. The pharmaceutical composition of claim 1, 
wherein the MCTs are selected from triglycerides 

of saturated and/or unsaturated tatty acids contain- 25 
ing 8 to 12 cartxxi atoms. 

4. The pharmaceutical composition of claims 1 to 3. 
wherein the ratio of LCT:MCT is from 10:1 to 1 :10. 

30 

5. The pharmaceutical composition of dainrts 1 to 4, 
wherein the emulsifier is selected from phospholip- 
ids. 

6. The pharmaceutical composition of daims 1 to 5, 35 
wherein the local anesthetic is selected from ben- 
zoic add derivatives, anilkje derivatives, or cocaine 
derivatives. 

7. The pharmaceutical composition according to claim 40 
6, wherein the local anesthetic is selected from tet- 
racaine, benzocaine, procaine, butylaminoben- 
zoate. bupivacaine, ropivacaine. mepivacaine, 
lidocaine, prilocaine and cocaine. 

45 

8. The pharmaceutical composition of daims 1 to 5. 
wherein the centrally acting analgesic is seleded 
from morphine or nrwrphine derivatives, phenylhep- 
tylamine derivatives or phenyl piperidine deriva- 
tives. 50 



9. The pharmaceutical composition according to claim 
8, wherein the centrally acting analgesic is selected 
from morphine, hydronwrphone, oxymorphone, 
methadone, meperidine, alfentanil, fentanyl and 55 
sufentanil. 
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